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1
HYDRODYNAMIC BEARING

CROSS-REFERENCE TO RELATED
APPLICATION

This application 1s a continuation, under 35 U.S.C. § 120,
of International Application PCT/EP2016/072494, filed Sep.

22, 2016, which designated the United States; this applica-
tion also claims the priority, under 35 U.S.C. § 119, of
European Patent Application EP 15 29 0299.5, filed Dec. 3,

20135; the prior applications are herewith icorporated by
reference in their entirety.

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to a hydrodynamic bearing
having an annular 1mner surface for surrounding a rotor or
rotary shaft in order to support and guide the rotation of the
rotor or rotary shaft about the longitudinal axis of rotation
thereol 1n an upstream to downstream direction of rotation.

The present invention relates notably to hydrodynamic
bearings that are able to carry a rotor or rotary shaft and to
guide same 1n rotation, such as the bearings commonly used
to bear high-speed/high-power rotary shafts (reduction gear
or step-up gear) for the gas and o1l energy market. The
bearings according to the invention are particularly suited
for use with high radial loads and high shatft speeds.

Such a bearing 1s for example described 1n patent appli-
cation US 2002/0018604 Al. Such a bearing 1s typically 1n
the form of a hollow cylinder comprising one or more
cylindrical lobes, the mnner cylindrical portion of said bear-
ing being arranged to receive a rotary shatt, for example the
rotary shaft of a pinion of a reduction gear, such as to carry
said shaft and guide same 1n rotation, said inner cylindrical
portion also having a sliding surface and a flmd supply
device designed to allow the lubrication of a gap separating
the outer surface of the rotary shait of said sliding surface
and the formation of a lubricating film between the outer
surface of said shaft and said sliding surface when said shaft
1s rotated at a rotational speed greater than a maximum speed
defined by the dimensioning of the bearing and the shatft,
said lubricant (for example, the viscosity thereot), the geom-
etry and the forces acting on the bearing-shait system.

The basic principle of the hydrodynamic bearing 1s to
have a lubricating film interposed between the shaft and the
reamed surface of the bearing (i.e. the surface of the inner
cylindrical portion of said bearing forming the sliding sur-
face for said shatt), said film enabling said shaft to rotate
without contact with said reamed surface from said maxi-
mum speed.

Unfortunately, the hydrodynamic bearings known by the
person skilled 1n the art and suitable for high loads and high
speeds, such as the bearing described above, sufler from the
following problems:

loss of power by Iriction,

recirculation of hot lubricant,

excessive consumption of lubricant, requiring an over-

dimensioning of the cooling circuit for said lubricant 1n
order to prevent overheating of said bearing when 1n
use,

instabilities at one or more rotational speeds of said shatt,

notably as a result of an 1imbalance between the damp-
ing and stiflness matrices of the bearing-shaft system,
an axial flow of lubricant in a direction substantially
aligned with the longitudinal axis of rotation of said
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rotor, said flow further increasing the losses caused by
spray irom the gears located close to said bearing.

SUMMARY OF THE INVENTION

One purpose of the present invention 1s to propose a new
type of hydrodynamic bearing that helps to reduce power
losses caused by 1Iriction, lubricant consumption, instabili-
ties and said lubricant flow, notably an axial lubricant tlow,
and to reduce losses caused by spray from gears.

For this purpose, a hydrodynamic bearing has an inner
surface 1including:

a lubricant supply orifice, and

a first discharge recess and a second discharge recess,
distributed on either side of the supply orifice across the
width of the bearing, the first discharge recess opening into
a first side groove and the second discharge recess opening
into a second side groove so as to respectively guide the
lubricant downstream away from the first side groove and
the second side groove,

the first side groove and the second side groove extending
along a portion of the circumierence of the bearing on the
lateral sides of the inner surface of the bearing, from the
respective first discharge recess and second discharge recess
toward a third discharge recess located downstream, in order
to direct the lubricant collected by the first and second
discharge recesses toward the third discharge recess so as to
be discharged to the outside of the bearing.

A set of sub-claims also sets out advantageous embodi-
ments of said bearing according to the imvention.

The present invention thus notably relates to a hydrody-
namic bearing comprising an annular inner surface, 1.e. a
cylindrical surface, of width L0, that 1s arranged to surround
a rotary shaft in order to support the latter and to guide the
rotation of same about the longitudinal axis of rotation
thereol 1 an “upstream” to “downstream” direction of
rotation w, said inner surface comprising:

a lubricant supply orifice for supplying lubricant to the
iner surface of said bearing, said supply orifice being
preferably centered 1n relation to the width LO of said
inner surface, said supply orifice ending in the direction
of said 1nner surface 1n an opening, this opening being
preferably longilinear of length L1<LL0 extending lon-
gitudinally 1n a direction parallel to said longitudinal
ax1s of rotation, said opening being bordered at one end
and across the width of said bearing by a first discharge
recess and at the other end and across said width by a
second discharge recess, the opening of said supply
orifice toward said inner surface being in particular
located at the base of a symmetrical “V” pointing 1n the
opposite direction to the direction of rotation w, and
cach arm of same extending downstream and prefer-
ably symmetrically from said opening (1.e. 1 said
direction of rotation w) toward one of the lateral sides
of said inner surface such as to provide an upstream
limit for said first discharge recess and said second
discharge recess,

said first and second discharge recesses, each designed to
recover the lubricant moving downstream during rota-
tion of said shait and to direct or guide same toward a
first side groove and a second side groove respectively,
said side grooves being designed to prevent an axial
flow of lubricant out of the bearing and being able to
collect an axial flow leaving said inner surface and to
direct same to be discharged radially. The first dis-
charge recess 1s for example designed to direct said
lubricant along one arm of said “V” toward the first
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lubricant collection side groove, and said second dis-
charge recess 1s designed to direct said lubricant along
the other arm of said “V” toward the second lubricant
collection side groove. Said first discharge recess and
said second discharge recess according to the invention
thus each describe a hollow path 1n the body of the
bearing that 1s open toward the first side groove and the
second side groove respectively, as well as being open
radially toward said longitudinal axis of rotation such
that the lubricant driven 1n rotation in the direction of
rotation w “falls” 1into said path created by said first and
second discharge recesses and 1s directed from the
portion of the first discharge recess adjoining said
opening of said orifice downstream toward the first side
groove, and from the portion of the second discharge
recess adjoining said opening of said orfice down-
stream toward the second side groove.

Said lubricant supply orifice according to the invention 1s
thus 1n particular bordered on each side along the width of
said inner surface, for example on each of the longitudinal
ends ol the opening thereof on the inner surface, by a
discharge recess, the first and second discharge recesses
respectively, enabling recovery of at least some of the
lubricant moving downstream in relation to the supply
orifice and/or to said discharge recesses in order to guide
same downstream and to discharge same laterally via the
first side groove and the second side groove respectively.
Said first discharge recess 1s preferably arranged on one side
of said opening of said orifice and said second discharge
recess 1s arranged on the other side of said opening across
said width of the iner surface, each discharge recess for
example having a side parallel to a lateral side of said 1inner
surtface, and another side perpendicular to said lateral side,
1.¢. parallel to said longitudinal axis of rotation, said recov-
ery recesses being in particular arranged symmetrically 1n
relation to said opeming of said orifice. Preferably, the width
of the first and second discharge recesses measured from
said parallel side, 1.e. the width 1n a direction parallel to said
longitudinal axis, decreases in the direction of rotation w, 1.e.
in a downstream direction, and the depth of each of said
discharge recesses 1ncreases 1n said direction of rotation w.
In other words, the depth of said path created by each of said
discharge recesses increases from the upstream and to the
downstream end of same. In particular, the depth of said
discharge recesses where same open onto the respective side
grooves, for example at each of the ends of the arms of said
“V7, 1s equal to or less than the depth of said lubricant
collection side grooves. Indeed and in particular, said par-
allel side of each of said discharge recesses opens onto one
of said side grooves, the parallel side of said first discharge
recess thus opening onto the first side groove and the parallel
side of said second discharge recess opening onto the second
side groove. Advantageously, said discharge recesses sur-
rounding said opening of said lubricant supply orifice make
it possible to stabilize the shaft at high rotational speeds and
to direct the lubricant toward said side grooves, thereby
reducing or eliminating an axial flow of lubricant out of said
bearing, said lubricant being forced to follow the path
defined by said first and second discharge recesses, then said
first and second side grooves. Thus, according to the present
invention, the axial flow out of the bearing 1s prevented by
capturing the lubricant no longer used to form the hydro-
dynamic film using said discharge recesses and directing this
latter from said recesses to the respective side grooves,

said first side groove and second side groove, each of said

side grooves bordering one of the lateral sides of said
inner surface such that the first side groove is able to
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collect the lubricant recovered by said first discharge
recess and the second side groove 1s able to collect the
lubricant recovered by said second discharge recess.
Preferably, each of the grooves has a hollow semi-circle
shape 1n said bearing and extends along the internal
lateral edges of said bearing around a portion of the
internal circumiference of said bearing, for example
180°. In particular, the first side groove links said first
discharge recess to a third discharge recess located
downstream in relation to said first discharge recess,
and said second side groove links said second discharge
recess to said third discharge recess. Preferably, said
first groove and said second groove each have at least
one radial opening, for example a radial bore, that is
designed to be arranged beneath said shaft when said
bearing 1s mounted about said shaft, and that 1s
designed to discharge the lubricant collected 1n the
groove radially to the outside of said bearing, for
example toward a circulation system of said lubricant,

said third discharge recess, which 1s for example longi-
linear, preferably connected to said side grooves and
also notably has one or more radial bores designed to
discharge said lubricant collected 1n said grooves to the
outside of said bearing,

said inner surface also includes, downstream of said third
discharge recess, another lubricant supply onfice, said
other orifice being preferably centered in relation to the
width of said inner surface and opeming out toward said
iner surface by means of an opening, that 1s for
example longilinear and of length [.2>.1 and extends
longitudinally 1n a direction parallel to said longitudi-
nal axis of rotation, said inner surface being smooth and
free of recesses between said other lubricant supply
orifice and said first and second lubricant discharge
recesses.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING

Advantages of said bearing according to the invention and
example embodiments and applications are provided using
the following figures:

FIGS. 1A-1D 3D view of a preferred embodiment of a
hydrodynamic bearing according to the invention.

FIG. 2 Median cross section of the bearing according to
FIG. 1.

FIG. 3 Cross section of the bearing according to FIG. 2
taken along the plane III-III.

FIG. 4 Cross section of the bearing according to FIG. 2
taken along the plane IV-1V.

FIG. 5 Cross section of the bearing according to FIG. 2
taken along the plane V-V.

FIG. 6 Cross section of the bearing according to FIG. 2
taken along the plane VI-VI.

FIG. 7 Cross section of the bearing according to FIG. 6
taken along the plane VII-VII.

FIGS. 8-10 Different views of other embodiments of a
bearing according to the mmvention, i which FIG. 8C 1s
taken along the plane VIII C-VIII C i FIG. 8D, FIG. 9C 1s
taken along the plane IX C-IX C 1n FIG. 9D and FIG. 10C
1s taken along the plane X C-X C 1 FIG. 10D.

DESCRIPTION OF THE INVENTION

FIG. 1 1s a three-dimensional (3D) schematic representa-
tion of a preterred embodiment of a hydrodynamic bearing
1 according to the invention. FIGS. 1A and 1B are side
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views of said bearing 1. This latter has an annular body
about an axial direction represented by the axis A' (see FIG.
1C), or in other words said body of said bearing 1 1s a hollow
cylinder arranged to surround a rotary shaft (not shown)
having a longitudinal axis of rotation that 1s designed to be
arranged 1n said axial direction at the center of said annular
body. In particular, said longitudinal axis of rotation and said
axis A' extend substantially in the same direction. Said
bearing 1 1s non-rotatably fixed and 1s designed to facilitate
a rotation of said shaft in the direction of rotation w, as
indicated by the corresponding arrows 1 FIGS. 1A and 1B.
The direction of rotation w 1s oriented 1n a downstream
direction.

Said annular body has an inner surface 11 that acts as
guide and support for said rotary shait when same 1s rotating
in the direction of rotation w. Said mnner surface 1s the
cylindrical surface located on the inside of said bearing and
acts notably as the sliding surface for said shait. This inner
surface 11 1s reamed such as to have lubricant supply onfices
12, discharge recesses 13, radial bores or openings 14, and
side grooves 15, as explained below. The directions fol-
lowed by the lubricant over the inner surface 11 of said
bearing are shown schematically by the arrows Ar 1n FIGS.
1A-1D.

In particular and as shown in FIGS. 1C and 1D, said
bearing preferably comprises two portions or lobes 1n the
form of hollow semi-cylinders, respectively an “active lobe
A” and a “passive lobe B”, which are designed to be
assembled together, for example to be fitted together, to form
said bearing 1. Said active lobe A and said passive lobe B are
respectively designed to be positioned above and below (see
FIG. 7) said shait when said bearing 1 surrounds the latter.
In general, said bearing according to the invention includes
at least one active lobe and one or more passive lobes. The
active lobe, as defined in the field of bearings, 1s notably the
cylindrical portion of the bearing that absorbs most of the
load or force generated during rotation of said shait when the
bearing 1s carrying said shaft and said shait 1s in rotation.

The mner surface of the active lobe A of said bearing 1s
designed to withstand the forces, notably the vertical upward
forces, transmitted by the shait during rotation of same. The
inner surface of the passive lobe B 1s notably designed to
collect the lubricant laterally in the side grooves 15 and to
discharge same by gravity or pumping via the radial open-
ings 14. The width of the inner surface according to the
invention 1s 1 particular L3 and less than the width L0 of
said bearing, such as to reduce the drag forces of the bearing.
Preferably, the first side groove 151 and the second side
groove 152 are respectively characterized by a width L4 and
L5, for example L4=L35, calculated such as to create mini-
mum resistance to the flow of lubricant while enabling a
radial orientation of said flow in order to discharge the
lubricant out of said bearing.

Around the circumierence of said inner surface 11 of said
bearing 1 1n the direction of rotation w, notably starting said
path at the end B1 (see FIG. 1D and FIG. 3) of said passive
lobe and following said inner surface toward the end B2 (see
FIG. 1D or FIG. 3), said mner surface 1 has, and therefore
in particular the mner surface of said passive lobe B has:

a lubricant supply orifice 121 (see also FIG. 6) that 1s

centered 1n relation to the width L0 of said bearing and
opens out at said imner surface 11 by means of an
opening of length L1 across the width of said bearing
and less than L3, said orifice 121 enabling the inner
surface of said bearing to be supplied with lubricant via
a channel 141 passing through said bearing 1 from the
outside to the inside as shown in FIG. 2, said channel
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141 notably opening out in said opening that 1s prei-
erably rectilinear and longilinear, said opening being
arranged along the width L0 of said bearing. Preferably,
a space ¢ (see FIG. 6) separates said opening of said
orifice 121 from the end B1 of said passive lobe B. This

space € 1s 1n particular mimmized to limit the circula-
tion of lubricant from the active lobe to the non-active
lobe, e having values typically between 2 mm and 10
mm for a bearing with an mternal diameter of 200 mm.
The example dimensions given 1n the remainder of the
document are provided for said bearing with an internal
diameter of 200 mm.

a first discharge recess 131 and a second discharge recess

132 border said opening of said orifice 121 on either
side of the width of said bearing 1. Said discharge
recesses 131 and 132 can be linked by a longitudinal
depression positioned upstream of the orifice 121, 1n
said space e separating said opening of said orifice 121
from the end B1 of said passive lobe B. In particular,
the depth P of said recesses 131 and 132 increases
further away from the end Bl, 1.e. increases in the
downstream direction until the depth thereof 1s less
than or equal to the side grooves 15. Pretferably, the first
discharge recess 131 and the second discharge recess
132 have a side parallel to a lateral side of the inner
surface 11, said parallel side having a length C that 1s
calculated such as to facilitate tlows 1n the side grooves
151 and 152 without excessively reducing the devel-
oped length of the non-active lobe B. Typically, the
value of C 1s between 40 mm and 50 mm. In particular,
the first discharge recess 131 and the second discharge
recess 132 have a depth P at the end B1, for example
P=0 mm, that increases, for example linearly, until
same 15 equal to or less than the depth P1 of the side
grooves 151 and 1352, or in other words the line
segment 13' shown in FIG. 1D 1s level with or set back
from (1.e. at the same radial distance from the longitu-
dinal axis of rotation or at a greater radial distance) the
surfaces 11 A' of the active lobe A or 11B' of the passive
lobe B. The first discharge recess 131 and the second
discharge recess 132 are preferably distributed sym-
metrically on either side of the opening of said lubri-
cant supply ornfice 121 such that the width L6 of the
first discharge recess 131 at said opening of said orifice
121 i1s equal to the width L7 of the second discharge
recess 132 at said opening of said onifice 121, where
L.6>1.1. The first discharge recess 131 extends notably
from a longitudinal end of the opening of said orifice
121 toward the closest side groove, referred to as the
“first side groove 1517, opening onto said first side
groove 151, and respectively the second discharge
recess 132 extends from the other longitudinal end of
the opening of said orifice 121 toward the closest side
groove, referred to as the “second side groove 1527,
opening onto said second side groove 152, each one
describing a downstream angle from the respective
longitudinal ends of the opening of said orifice 121 and
in relation to said axial direction, 1n order to direct the
lubricant arriving from upstream toward respectively
the first side groove 151 and the second side groove
152, on either side of said opening. In other words, the
first discharge recess 151 and the second discharge
recess 152 are able to recover lubricant arriving from
upstream and to direct same downstream, such as to
laterally direct same 1n the respective side grooves,

the first side groove 151 and the second side groove 152,

extending downstream from said first discharge recess
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131 and said second discharge recess respectively,
toward a third discharge recess 133, said side grooves
being designed to collect the lubricant arriving in said
first discharge recess 131 and said second discharge
recess respectively, i order to direct same to the
outside of said bearing, either via the radial openings,
for example the radial bores 14 (see FI1G. 7) of diameter
dp, of which there 1s a number n distributed beneath the
shaft when the bearing surrounds the latter, where
typically dp=12 to 20 mm and n=2 to 6, or via said third
discharge recess 133 located downstream and having
one or more discharge channels 142 (see FIGS. 2, 5 and
7) that are designed to discharge said lubricant from the
inside of said bearing to the outside, the dimensions of
one of said channels being typically 10 to 15 mm
(diameter for a channel of circular section) or 45 to 70
mmx10 to 15 mm (lengthxwidth for a channel of
rectangular section). As shown in FIGS. 1C and 1D, the
side grooves 135 are each arranged laterally on a portion
of the internal circumierence of said bearing. Prefer-
ably, the first side groove 151 and the second side
groove 152 extend from the end B1 to the end B2 of
said passive lobe B and for example have a rectangular
section. In particular, said active lobe A has, at one of
the ends Al thereof that 1s designed to fit with or to be
attached to the end B2, said third discharge recess 133
and the discharge channel or channels 142,

said third discharge recess 133 preferably extends longi-
tudinally from the first groove 151 to the second groove
152, the total length thereof along the width of said
bearing being 1.3+L.4+L35, and includes said discharge
channel or channels 142, which are notably designed to
radially discharge said lubricant to the outside of said
bearing. Said third discharge recess 133 1s in particular
longilinear and preferably the same length as or longer
than another lubricant supply orifice 122,

said other lubricant supply orifice 122 1s arranged directly
downstream of said third discharge recess 133 and
opens out at the mner surface 11 via an opening that 1s
preferably longilinear extending longitudinally along
the width of said bearing, the length L2 of said opening
being greater than the length L1 of the opening of the
orifice 121, said length L2 being for example equal to
the distance separating the lateral side of the first
groove 151 that 1s furthest away from the second
groove 152 from the lateral side of the second groove
152 that 1s furthest away from the first groove 151, this
distance being for example equal to the length of said
third discharge recess 133. Said other orifice 122 also
has a supply channel 143 designed to enable lubricant
to enter said bearing from the outside of said bearing,
such as to lubricate said inner surface of said bearing.
Preferably, said inner surface has no recesses between
said other orifice 122 and said first and second dis-
charge recesses 131, 132, 1.e. between said other orifice
122 and the end Bl of the passive lobe B. Thus,
according to the present invention, the active lobe A 1n
particular includes said third discharge recess 133 with
the discharge channel or channels 142 thereof arranged
at the end Al of said active lobe, then, further down-
stream, said other orifice 122, arranged beside said
third discharge recess 133, preferably leaving a longi-
tudinal space E between said third discharge recess 133
and said other orifice 122, then further downstream
from said other orifice 122 as far as the other end A2 of
said active lobe A, the inner surface 11A' with no
recesses across the entire width of said bearing, said
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other end A2 being designed to be attached and/or fitted
to the end B1 of said passive lobe B.

FIGS. 8-10 show structural variations of the bearing
according to the invention, FIGS. 8 A-8D show a bearing
according to a first embodiment of the invention, FIGS.
9A-9D show a bearing according to a second embodiment of
the invention, and FIGS. 10A-10D show a bearing according
to a third embodiment of the invention. In general, a bearing
according to the invention can combine the characteristics of
the four diflerent bearings shown in FIGS. 1, 8, 9 and 10.

In particular, the side grooves 15 can be made in different
ways, as shown in FIGS. 8-10. A first embodiment as
described above eflectively involves hollowing out said side
grooves irom the body of said bearing of width L0, as shown

in FIGS. 1D, 9B, 9C and 9D. However, said side grooves

can also be created by attaching a plate 16 to each lateral side
of said passive lobe B of said bearing, parallel to the lateral
sides of said passive lobe B, respectively at a distance 1.4
from one lateral side of the passive lobe B 1n order to form
the side groove 151 and at a distance L5 from the other
lateral side of the passive lobe B in order to form the side
groove 152, said plate 16 being a circle sector with an
internal diameter equal to the radial distance separating the
inner surface 11 (for example 11A' or 11B'") from said axis
A' (1.e. equal to the internal diameter of said bearing) and the
external diameter 1s substantially equal to the external
diameter of said bearing. In this case, the width of the
passive lobe B 1s L3 and the width L0 of the bearing 1s given
by LO=L3+L4+L5+2-el, where ¢l 1s the thickness of each of

said plates 1n the form of a circle sector. In particular, a free
space between the attachment means 17 used to attach said
plates to the lateral sides of the passive lobe enables a radial
flow of the lubricant and can thus perform the function of
said radial bores 14, or replace same. Optionally, such plates
can also be attached to each lateral side of the active lobe A
maintaining a separation distance €2 (see FIG. 10D) between
the lateral sides of the active lobe and each of said plates in
order to recover an axial flow of lubricant leaving the 1nner
surface 11 A" of said active lobe. The plates designed to be
fitted to the active lobe of said bearing are notably shown 1n

FIG. 10A and indicated using reference sign 16'. In this case
and 1n particular, the separation distance €2 separating the
plate from the lateral side of the active lobe 1s less than L4
or L3.

The radial bores 14 can 1n particular be radial openings 14'
reamed 1n the body of said bearing, enabling commumnication
between each side groove and the outside of said bearing
(see FIG. 9C), or formed by attaching said plates 16 to the
lateral sides of said active lobe, as shown 1n FIGS. 8C and
10C. Said openings 14' can be of different shapes and sizes
to efliciently discharge the lubricant recovered 1n said side
grooves to the outside of said bearing, as shown 1n FIGS.
8-10.

The geometric configuration of the discharge recesses
131, 132 and of the supply orifice 121 can also be formed 1n
different ways. For example, said discharge recesses 131 and
132 include respectively a guide stop 131' and 132' that 1s
rectilinear (see FI1G. 8D) or curved (see FIG. 9D), said guide
stop 131', 132' 1n particular linking the downstream end of
the parallel side of the recess to an end that 1s substantially
central (1in relation to the width of the bearing) of the
perpendicular side thereof. Preferably, 1 the discharge
recesses 131, 132 each have a rectilinear guide stop 131",
132, these latter join together at a point Pt at the midpoint

of the width of the bearing to form an inverted “V” (see FIG.
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8D), the supply orifice 121 being at the base of said “V”
formed by the stops, and more specifically aligned with and
downstream of said point Pt.

In conclusion, the present invention proposes a new type
of hydrodynamic bearing including discharge recesses 131,
132 cooperating with a supply orifice 121, said discharge
recesses being designed to divert a flow of lubricant toward
side grooves or slots 15 such that the lubricant heated during
the work of said shatt by rotation 1s guided by said recesses,
then by said side grooves to be discharged outside the
bearing, while enabling fresh lubricant to be provided via
said supply orifice 121.

The 1nvention claimed 1s:

1. A hydrodynamic bearing, comprising:

an annular inner surface configured to surround, support

and guide a rotation of a rotary shait about a longitu-
dinal axis of rotation of the rotary shait in an upstream
to downstream direction of rotation, said annular inner
surface including:

a lubricant supply orifice;

a first discharge recess and a second discharge recess

formed on opposite sides of said supply orifice across
a width of the bearing, said first discharge recess
opening into a first side groove and said second dis-
charge recess opening into a second side groove for
respectively guiding the lubricant downstream away
from said first side groove and said second side groove;
and

said first side groove and said second side groove extend-

ing along a portion of a circumierence of the bearing on
lateral sides of said annular inner surface of the bearing
from said first discharge recess and said second dis-
charge recess respectively toward a thuird discharge
recess located downstream, for directing the lubricant
collected by said first and second discharge recesses
toward said third discharge recess to be discharged
outside the bearing.

2. The bearing according to claim 1, wherein said first side
groove and said second side groove each have at least one
radial opening configured to radially discharge the lubricant
from 1nside said first and second side grooves to outside the
bearing.

3. The bearing according to claim 1, wherein said first
discharge recess and said second discharge recess have
depths increasing 1n the downstream direction.

10

15

20

25

30

35

40

10

4. The bearing according to claim 3, wherein said first and
second side grooves have depths, and said depths of said first
and second discharge recesses increase in the downstream
direction, starting upstream and level with said annular 1nner
surface and increasing downstream to a depth equal to or
less said depths of said first and second side grooves.

5. The bearing according to claim 1, wherein said first
discharge recess and said second discharge recess are con-
figured to recover the lubricant conveyed downstream by the
rotation of the shaft, and to direct the recovered lubricant
laterally and downstream respectively toward said first side
groove and said second side groove.

6. The bearing according to claim 1, wherein said third
discharge recess has at least one discharge channel to
radially discharge the lubricant collected by said side
grooves to outside the bearing.

7. The bearing according to claim 1, which further com-
prises another lubricant supply orifice located downstream
of said third discharge recess.

8. The bearing according to claim 7, wherein said third
discharge recess adjoins said other lubricant supply orifice.

9. The bearing according to claim 7, wherein said annular
inner surface 1s smooth and free of recesses between said
other lubricant supply orifice and said first and second
discharge recesses.

10. The bearing according to claim 1, which further
comprises an active bearing lobe and a passive bearing lobe
cach having a hollow semi-cylinder shape, said lobes being
attachable to one another to form the bearing.

11. The bearing according to claim 10, wherein:

said passive bearing lobe has one end, another end and an

inner circumierence:

said first and second discharge recesses and said lubricant

supply orfice are disposed at said one end of said
passive bearing lobe; and

said side grooves each extend sideways from said one end

of said passive bearing lobe to said other end of said
passive bearing lobe around said inner circumierence
of said passive lobe.

12. The bearing according to claim 11, wherein said active
bearing lobe has ends, and said third discharge recess 1s
disposed at one of said ends of said active bearing lobe and
1s configured to be attached to said other end of said passive
bearing lobe.
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